with alternating oxalato and 4,4Ј-bipyridine bridges. The reaction between 1 and azide yielded the known azido-bridged complex [{Ru(µ-η 1 -N 3 )-Cl(η 6 -p-Pr i C 6 H 4 Me)} 2 ] 7. The molecular structures of 1 (two conformational isomers), 4, 5 and 6 have been solved by X-ray crystallography.
Many organorhodium complexes containing bidentate oxygen ligands such as β-diketonate, 1 tropolonate (the anion of 2-hydroxycyclohepta-2,4,6-trienone), 2 oxalate, 3 chloranilate (the dianion of 2,5-dichloro-3,6-dihydroxy-p-benzoquinone), 4 squarate (3,4-dihydroxycyclobut-3-ene-1,2-dionate), 5 pyronate and pyridinonate 6 anions are known. In contrast, organoruthenium complexes containing bidentate oxygen ligands have not been extensively studied.
7 Half-sandwich ruthenium complexes containing oxalato ligands have not been reported so far.
It is well known that ruthenium complexes are versatile compounds, able to catalyse various organic reactions.
8. 9 In recent years there has been an increasing interest in mononuclear halfsandwich ruthenium complexes containing a chloride ligand and a chelating ligand, because the labile chloride can be readily displaced by small molecules such as H 2 , N 2 , O 2 , CO, CO 2 and CH 2 ᎐ ᎐ CH 2 .
7b,10- 19 The co-ordination of such molecules is interesting with respect to activation for catalytic transformations. Thus, a half-sandwich cationic complex [Ru(η 5 In this paper we report on mono-, di-and tetra-nuclear pcymeneruthenium complexes containing bidentate and bisbidentate oxalato ligands.
Results and Discussion
The p-cymene complex [{RuCl 2 (η 6 -p-Pr
as the only product. Complex 1 is soluble in CH 2 Cl 2 and water. In the infrared spectrum it gives rise to only one very strong absorption at 1614 cm Ϫ1 for the C᎐ ᎐ O stretching of the oxalato ligand. The 13 C NMR spectrum shows, apart from the resonances of the p-cymene ligands, only one signal at δ 171.2 for the oxalato ligand. Depending on the solvent, 1 crystallizes in two quite different crystalline forms. The single-crystal X-ray analysis shows two conformational isomers 1a (monoclinic crystals from CHCl 3 ) and 1b (orthorhombic crystals from CHCl 3 -MeOH-Et 2 O) as represented in Fig. 1 . No significant differences in bond lengths and angles of the two structures are observed (Table 1) , even though 1b is the sterically less favourable conformer. However, as the orientation of the isopropyl group of the p-cymene ligand is different with respect to the chloride co-ordination, the torsion angles about bonds Ru(1)᎐C (2) , corresponding to the stretching vibrations of the C᎐ ᎐ O bonds with co-ordinated and free oxygen atoms of the oxalato ligand. The bands of a NH 3 ligand and a H 2 O of crystallization appear in the 3177-3300 cm Ϫ1 region. The presence of the NH 3 ligand and the H 2 O molecule of crystallization is also confirmed by the microanalytical data. The mass spectrum shows the molecular ion peak without (1) (1) 
as the only product (Scheme 1). The
31
P NMR spectrum of 3 shows only one peak at δ 32.1, the IR spectrum displays one strong absorption at 1626 cm Ϫ1 indicating the presence of the symmetrical oxalato ligand. In the mass spectrum two strong characteristic fragments [Ru(PPh 3 )(η 6 -p-Pr
ϩ can be observed. The constitution of 3 is proposed on the basis of the microanalytical and spectroscopic data.
The mononuclear complex
Me)] 4 was prepared from 2 by substitution of NH 3 with PPh 3 (Scheme 1). In the IR spectrum of 4 two absorptions at 1694 and 1672 cm Ϫ1 indicate two inequivalent C᎐ ᎐ O stretching vibrations of the oxalato ligand. In the 31 P NMR spectrum only one resonance was found at δ 30.4, while in the mass spectrum the molecular ion peak was observed. The molecular structure of 4 was solved by a single-crystal X-ray analysis and is shown in Fig. 2 , with selected bond lengths and angles listed in Table 2 . The Ru᎐P bond length [2.367(2) Å] in 4 is comparable to that found in related Ru᎐PPh 3 complexes.
14b, 21 The oxalate is coordinated by two vicinal oxygen atoms giving rise to the formation of a five-membered metallacycle. The C᎐O distances of the co-ordinated oxygen atoms [C(11)᎐O (1) The
2ϩ 5 was obtained by using Ag ϩ to remove the chloride ligands of 1 in methanolic solution (Scheme 2) and isolated as the triflate (O 3 SCF 3 ) salt. The IR spectrum of 5 displays only one strong absorption at 1631 cm Ϫ1 for the co-ordinated oxalate. In the 1 H NMR spectrum the methanol ligands could not be found in CD 3 OD. However, the co-ordination of methanol was unambiguously revealed by a single-crystal X-ray structural analysis of the CF 3 SO 3 salt of 5 (Fig. 3) . Complex 5 retains the conformation of 1, and there are no apparent changes in bond lengths and angles except a slightly increased angle of C(1)᎐O (1)᎐Ru (1) Table 2) . Table 2 Selected bond lengths (Å) and angles (Њ) for compounds 4 and 5 (2) (3) The reaction of the methanol complex 5 with 4,4Ј-bipyridine gave the macrocyclic cation Table 3 . The poor quality of the crystal and the problems of disorder of 
2ϩ 5 (anions omitted for clarity) Fig. 4 View of the structure of [Ru 4 (µ-η
(anions omitted for clarity) the anion in 6 give rise to considerable errors in the bond lengths and angles.
In an attempt to replace the chloride ligands in 1 by azido ligands the complex was treated with sodium azide in a chloroform-methanol solution. However, in this case the bridging oxalato ligand was displaced, giving rise to the known complex [{Ru(µ-η 
Experimental
All synthetic operations were performed in a nitrogen atmosphere using standard Schlenk techniques. Organic solvents were dried over appropriate drying agents, then distilled and kept Table 3 Selected bond lengths (Å) angles (Њ) and dihedral angles* (Њ) for compound 6 ) was added Ag 2 SO 4 (125 mg, 0.4 mmol). The mixture was stirred at room temperature for 3 h, then filtered. The salt (NH 4 ) 2 C 2 O 4 ؒH 2 O (57 mg, 0.4 mmol) was added to the filtrate, then the pH was adjusted to 7-8 and temperature raised to 70 ЊC for 1-2 h. The solvent was evaporated to dryness and addition of CH 2 Cl 2 gave a slurry which was filtered to remove the salts. The filtrate was evaporated in vacuo to give compound 2 as a yellow powder. Yield 120 mg (84% 
[ (42 mg, 0.24 mmol) . The mixture was stirred at 40 ЊC for 36 h. Then the solvent was drawn off, and the orange residue taken up in CH 2 Cl 2 . The slurry was centrifuged to remove the insoluble materials. The resulting solution was then treated with ether in order to precipitate the product. The supernatant was discarded and the yellow powder was washed with ether and then dried in vacuo. Yield 110 mg (80%) (Found: C, 52.41; H, 4.35. C 60 H 58 F 6 O 10 P 2 Ru 2 S 2 requires C, 52.17; H, 4.23%). IR (cm 
[ 
Crystallography
Orange crystals of compounds 1a, 1b and 4-6 were glued on the top of a glass fibre and mounted on a Stoe-Siemens AED2 four-circle diffractometer. Intensity data were measured using graphite-monochromated Mo-Kα radiation (λ = 0.710 73 Å). Compounds 1a, 4 and 6 were measured at room temperature while data for 1b and 5 were collected at Ϫ50 ЊC. The ω-2θ scan technique was used to a maximum 2θ value of 51.0Њ. The cell parameters were determined from a least-squares treatment of the setting angles of 20 reflections with 12.5 < θ < 18.4Њ (1a), 20 with 12.5 < θ < 20.0Њ (1b), 22 with 12.5 < θ < 17.2Њ (4), 22 with 14.0 < θ < 19.2Њ (5) and 18 with 14.0 < θ < 17.2Њ (6) . For each compound the intensities of two representative reflections were measured every 60 min. During data collection the intensity of the standards decreased by less than 1% for all the compounds. Table 4 provides summaries of the crystal data, data collection and refinement parameters. No absorption corrections were applied, as the µ(Mo-Kα) values were all less than 2.0 mm Ϫ1 . For 6 the crystals were very irregular in shape and no suitable ψ scans were available.
The structures were solved by direct methods using the program SHELXS 86 23 and refined by full-matrix least squares on F 2 with SHELXL 93. 24 Hydrogen atoms were included in calculated positions and treated as riding atoms using SHELXL 93 default parameters. Crystals of compounds 5 and 6 could only be obtained using CF 3 SO 3 Ϫ as counter ion. In the case of 6 only poor-quality crystals with a large mosaic spread could be obtained. In these the counter ions CF 3 SO 3 Ϫ were highly disordered. Three partially occupied positions were found (occupancy 0.50 and 2 × 0.25) and it was necessary to apply constraints. A DFIX instruction was used to improve the C᎐F, C᎐S and S᎐O distances.The isopropyl substituent of the p-cymene ligand was also disordered in such a manner that one methyl group occupied two positions with an occupancy of 0.5. These problems, together with the poor quality of the crystal and the lack of absorption correction, are probably responsible for the high R factors and the considerable errors in bond lengths and angles for complex 6.
The figures were drawn with SCHAKAL.
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